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Abstract: Brugada syndrome (BrS) has been traditionally considered a pure electrical dis-
order without an underlying structural substrate. However, early ECG studies showed
the presence of depolarization abnormalities in this condition, while many studies based
on advanced imaging have suggested the presence of subtle structural alterations. On the
other hand, electrophysiological study (EPS) and electroanatomic mapping (EAM) tech-
niques have provided important data regarding right ventricular functional and structural
arrhythmic substrate. More recently, histology and immunology shed light on the possible
role of fibrotic and inflammatory substrates in BrS. Notably, a significant overlap between
electro anatomical and structural features in BrS and arrhythmogenic cardiomyopathy has
been proposed. In this review, we summarized the physio pathological pathways and
substrate underlying BrS. A deeper knowledge of the structural abnormalities involved in
the pathogenesis of this disease could improve our diagnostic and prognostic approach,
while novel findings regarding the role of inflammation and immune activation could
potentially lead to new therapeutic strategies for BrS.

Keywords: Brugada syndrome; ECG; advanced imaging; electrophysiology

1. Introduction

Brugada syndrome (BrS) is an inherited arrhythmic condition associated with a typical
ECG pattern and increased sudden cardiac death (SCD) risk [1-3]. The type 1 ECG pattern
is defined as an elevation of the J point with coved morphology in V1 and/or V2 lead in
second, third or fourth intercostal spaces [1-4]. The pattern can be spontaneous or induced
by drugs blocking the sodium channels. BrS has been traditionally considered a pure
electrical disorder characterized by repolarization abnormalities without any underlying
structural substrate [1,2,5,6]. The first genetic variant in the Sodium Voltage-Gated Chan-
nel Alpha Subunit 5 (SCN5A, OMIM * 600163) gene was discovered in 1998 [7]. Since
then, hundreds of variants in the SCN5A gene have been discovered with an autosomal
dominance inheritance pattern occurring in approximately 30% of cases [8]. However,
the clinical significance of many SCN5A variants have been questioned following the
criteria established by the American College of Medical Genetics [9]. Variants in other
genes (CACNAIC, OMIM * 114205, GPD1L, OMIM * 611778, HEY2, OMIM * 604674, PKP2,
OMIM * 602861, RANGRF, OMIM * 607954, SCN10A, OMIM * 604427, SCNI1B,
OMIM * 600235, SCN2B, OMIM * 601327, SCN3B, OMIM * 608214, SLMAP, OMIM * 602701, and
TRPM4, OMIM * 606936) have been reported as potentially pathogenetic in the literature,
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but according to current diagnostic guidelines and recommendations, only pathogenic
SCN5A variants should be considered causative of BrS [2]. Patients with pathogenetic vari-
ants in the SCN5A gene without arrhythmias or pathological findings at advanced imaging
represent a gray area that should be appropriately addressed in future studies. Notably,
genotype—phenotype correlation remains elusive in this population, and the prognostic
role of these variants is still unclear.

Interestingly, both loss- and gain-of-function SCN5A variants have also been associated
with dilated and arrhythmogenic cardiomyopathies (AC) [10,11]. Loss-of-function variants
have been associated with BrS and sick sinus syndrome, while gain-of-function mutations
can determine multifocal ectopic premature Purkinje-related complexes syndrome.

Electroanatomic mapping (EAM) studies, due to the high sensitivity in detecting subtle
pathological alterations, have demonstrated the presence of pathological voltages in the
right ventricular outflow tract (RVOT) in patients with BrS [2,12,13]. In addition, pathology
studies showed the presence of fibrosis and inflammation in tissue samples obtained
from RVOT by autopsy or endomyocardial biopsy (EMB) [14-16]. More recently, novel
echocardiographic and cardiac magnetic resonance (CMR) tools demonstrated the presence
of structural and functional RVOT abnormalities [17,18]. Notably, many similarities in
terms of molecular and cellular phenotype have emerged between BrS and AC [19,20].

This review aims to provide a comprehensive overview of the evolving understanding of
BrS pathophysiology, discussing the implications for diagnosis, risk stratification, and treatment.
Potential future perspectives to improve the management of BrS patients are also explored.

2. Electrocardiography and Invasive Electrophysiology: A Complex
Interaction of Repolarization and Depolarization Abnormalities

The diagnosis of BrS is based on the recognition of a spontaneous type 1 pattern (either on
conventional or high right precordial leads) with high take-off ST segment elevation > 2 mm
and coved morphology irrespective of the presence of symptoms [2,4,21]. Notably, many
cardiac diseases (including myocarditis, pericarditis, infarction, pulmonary embolism,
hyperkalemia, hypercalcemia, AC, and hypothermia) could potentially determine ECG
abnormalities mimicking Brugada pattern [21]. Differential diagnosis could represent
a significant challenge, since some of these disorders (such as AC) could share some
pathophysiologic pathways with BrS.

The ECG pattern can be dynamic with variations during fever or alcohol consump-
tion [2,22]. In case of patterns induced by sodium channel blockers (by ajmaline, flecainide,
procainamide or pilsicainide infusion) type 1 pattern, additional ECG, family history, and
clinical and genetic criteria are needed to diagnose BrS [2,23]. Early studies focused on
the peculiar repolarization abnormalities leading to the postulation of the “repolarization”
theory based on the imbalance between reduced Na+ currents and preserved transient out-
ward potassium (Ito K) currents. This mismatch, due to the inhomogeneous distribution of
the Ito between the epicardial and endocardial layers, could therefore determine a transmu-
ral voltage gradient leading to the diagnostic ECG pattern [24-26]. This phenomenon was
also thought to be the basis for phase 2 re-entry mechanisms and ventricular arrhythmias.

Multiple works showed that the presence of spontaneous type 1 ECG pattern deter-
mines an increased arrhythmic risk [27,28]. The presence of early repolarization (ER), ST
segment elevation, and even coved patterns in the inferolateral ECG leads can occur in
BrS patients, and they could be associated with a more serious phenotype [29-31]. Kawata
et al. showed that in some BrS patients with inferolateral ER pattern, VF onset was shortly
preceded by multiple premature ventricular contractions originating from the left inferolat-
eral wall [31]. These observations could suggest more extensive biventricular involvement
rather than classical RVOT abnormalities.
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The maximal interval between the T wave peak and end and its dispersion could
potentially be associated with worse outcomes in BrS subjects [32]. Increased repolarization
time dispersion and marked repolarization gradients (revealed by steep epicardial ] waves)
have been demonstrated in BrS during electrophysiological study (EPS) studies [33]. More-
over, T wave alternans during sodium channel blocker administration could be a marker of
electrical instability and increased arrhythmic risk [34].

However, since the early 2000s, many studies have focused on the presence and
significance of depolarization abnormalities in BrS patients. Ikeda et al. demonstrated
a high prevalence of late potentials (LPs) with an association with worse outcomes by
using signal-averaged ECG (SA-ECG) in BrS subjects [35]. Similarly, an increased QRS
duration is independently associated with adverse arrhythmic events at follow-up [36,37].
Other authors demonstrated that the presence of fragmented QRS (f-QRS) at standard
12-leads and filtered high cut-off frequency ECG is associated with spontaneous ventricular
fibrillation (VF) at follow-up (Figure 1) [38,39]. On the other hand, the presence of preserved
HV intervals at EPS in many patients suggested the presence of a primary RV conduction
delay [35]. Of note, Morita et al. were able to show in a canine RV tissue model of BrS
that delayed epicardial activation reproduced similar f-QRS features along the myocardial
layers, suggesting a possible pathogenetic mechanism [38]. Prominent R waves in aVR
lead, an indirect marker of RV conduction delay, represent a negative prognostic marker in
BrS patients [40]. The presence of deep S waves in leads I, II, and I, atrial fibrillation onset,
and the Tzou criteria (VIR > 0.15 mV, V6S > 0.15 mV, and V6S: R > 0.2) have also been
associated with ventricular arrhythmias at follow-up [41,42]. These ECG features provide
additional evidence of delayed RVOT activation in BrS patients.

Figure 1. (A): ECG of 50-year-old patient with spontaneous type 1 BrS and fragmented QRS com-
plexes in inferior leads [27,28,38,39]. (B): During EPS, a rapid polymorphic VT was induced after
a single extra stimulus, necessitating external defibrillation. The patient underwent transvenous
ICD implantation [27,41,43]. (C,D): Abnormal voltages were detected at unipolar mapping (D),
without significant pathological signals at bipolar map (C) [13,16,44]. BrS; Brugada syndrome; EPS;
electrophysiological study; ICD, implanted cardioverter defibrillator.
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The presence of atrioventricular (AV) conduction disorders and increased HV interval
in BrS patients (Figure 2) [45,46] have been respectively demonstrated in ECG and EPS
studies. Moreover, atrioventricular and intraventricular conduction disorders (namely
right bundle branch block and first-degree AV block) have been associated with malignant
arrhythmias at follow-up, while RVOT depolarization abnormalities have been detected
in many EPS studies, even by use of isochronal activation mapping [12,13,47-49]. More
recently, Rossi et al. demonstrated that increased difference in the RV refractory period
between RVOT and RV apex (expressed as ARPRVOT-apex > 60 ms) was independently
related to adverse clinical events over conventional clinical risk factors and VT/VF in-
ducibility at EPS [50].

C

Figure 2. (A): ECG of 30-year-old male presenting spontaneous type 1 BrS pattern, first degree AV
block, and rightward axis deviation [27,28,48,49]. (B): Unipolar electroanatomic mapping demon-
strated the presence of pathological voltages in the anterior RVOT. (C): Presence of abnormal voltages
in bipolar mapping [13,16,44]. BrS, Brugada syndrome; AV, atrioventricular; RVOT, right ventricular
outflow tract.
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Taken together, these studies suggest a prominent role of depolarization abnormalities
mainly located in the RVOT of BrS patients.

3. Electrophysiological Study: The Prognostic Role of Programmed
Ventricular Stimulation

Over the years, many studies provided conflicting results regarding the prognostic
significance of VT /VF inducibility after programmed ventricular stimulation (PVS) during
EPS [27,43,51]. The use of EPS for risk stratification may be considered in BrS patients
with low evidence levels according to current European Guidelines [4]. Heterogenous PVS
protocols and selection biases in the cohorts could explain these differences. However,
structural substrate inhomogeneity could potentially be another implicated factor. A
recent large prospective study demonstrated that VF/VT inducibility during EPS was an
independent predictor of major events in patients presenting spontaneous type 1 pattern
monitoring [27]. Notably, the authors performed serial modified 12-lead Holter monitors to
detect latent type 1 pattern in all subjects. In this way, they were able to identify a high-risk
subgroup in this population.

4. Multimodality Imaging: Subtle Functional Abnormalities Revealed by
Advanced Echocardiography and Cardiac Magnetic Resonance

BrS has been conventionally considered a pure channelopathy with normal biven-
tricular function and structure. Conventional two-dimensional echocardiography did not
demonstrate significant left or RV abnormalities in older BrS cohorts. Tissue Doppler
and speckle tracking analysis can detect functional abnormalities in many cardiac disor-
ders. Mitroi et al. demonstrated that higher RV index of myocardial performance (RIMP),
reduced RVOT shortening, and higher RV mechanical dispersion were significantly associ-
ated with arrhythmic events in patients affected by BrS [17]. Interestingly, even impaired
LV strain parameters (such as LV mechanical dispersion) have been associated with worse
outcomes at follow-up [52]. Three-dimensional echocardiography demonstrated worsened
mechanical contraction and reduced right ventricular ejection fraction (RVEF) after ajmaline
infusion [53].

CMR, due to its high spatial resolution and the possibility to perform multiplanar
sequences and tissue characterization, provided an incremental ability to detect subtle
alterations in BrS patients. Early CMR studies showed increased biventricular volumes
and reduced RVEF in BrS patients compared to controls, especially in genotype-positive
subjects [54,55]. Dedicated CMR sequences demonstrated abnormal RVOT dimensions and
contractions in BrS patients [56]. Bastiaenen et al. described the presence of late gadolinium
enhancement (LGE) in 8% of BrS patients [57]. Moreover, an increasing prevalence of LGE
over repeated CMRs has been described in the literature, suggesting a progressive increase
in the substrate underlying BrS [58]. Novel CMR parameters (such as feature tracking
analysis) could provide incremental sensitivity for RV dysfunction detection. Pappone
et al. demonstrated that reduced RVOT feature tracking (RVOT-FT) was associated with
increased pathological voltage mapping areas on the epicardial EAM [18]. Moreover,
ajmaline infusion determined further RVOT-FT value reduction in this cohort.

The main ECG, imaging, and EPS features associated with adverse outcomes in BrS
are summarized in Table 1.
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Table 1. Clinical, genetic, ECG, and imaging characteristics associated with adverse outcomes.

Clinical and Genetic Variables

ECG Imaging EPS

Elevates Shanghai score
values [23]

Family history of SCD [30,41]
Unexplained syncope
[43,48,49,51,59]

Missense SCN5A mutations in
BrS-enriched domains [59]
Polygenic risk score for

BrS [59]

Spontaneous type 1 Brugada
pattern [27,28,43,48,49,51,59]
LPs on SAE-ECG [35,36]
Increased QRS duration [37,38]
Fragmented QRS [39,40,43]
Tpeak to Tend [33,40]

Early repolarization pattern in
inferolateral leads [30,31,39]
Tall R wave in aVR [40]
S-wave duration in lead
I>40ms [41]

Increased RV index of
myocardial performance [17]
Reduced RVOT values on
STE [17]

Increased RVMD on STE [17]
Increased LVMD on STE [52]

VT/VF inducibility during
EPS [27,41,43]
Reduced RV refractory
period [51]
Heterogenous RV
refractory period [50]

Atrial fibrillation [41] I;X i}_lzf;;?::s?gnoarll Persistence of BrS pattern
Deep S waves in lead I [42] echocardiography [53] after RVOT ablation [60]

Sinlead II > S in lead III [42]
Positive Tzou criteria [42]
Atrioventricular block [48,49]
TWA during sodium channels
blocker infusion [34]

SCD, sudden cardiac death; BrS, Brugada syndrome; LP, late potential; SAE-ECG, signal-averaged ECG; TWA,
T wave alternans; RV, right ventricle; RVOT, right ventricular outflow tract; RVMD, right ventricular mechanical
dispersion; LVMD, left ventricular mechanical dispersion; STE, speckle tracking echocardiography; VT, ventricular
tachycardia; VE ventricular fibrillation; EPS, electrophysiological study.

5. Electroanatomic Mapping: Electrical and Structural Substrate Insights

EAM can provide detailed characterization of the myocardium in terms of reduced
voltage areas and presence of fragmented signals and LPs. Due to its high sensitivity, it
can detect abnormal underlying substrates even in patients without evident abnormalities
at CMRs [61,62]. Letsas et al. demonstrated the presence of abnormal EAM voltages in
patients with apparently normal CMRs [13]. Notably, more extensive pathological areas
were detected at unipolar compared to bipolar mapping, suggesting a more pronounced
epicardial substrate. Multiple groups reported higher VF inducibility during EPS in subjects
presenting more diffuse pathological areas both at unipolar and bipolar mapping [13,44].
Transcatheter ablation has emerged as a possible therapy for recurrent ventricular arrhyth-
mias in patients with BrS [12,63-65]. The presence of fragmented and delayed potentials
and significant pathological voltages in the epicardial layer have been demonstrated in
multiple works, with a further increase after sodium channel blocker infusion [63,64]. By
targeting the abnormal substrate, a significant reduction in the ECG pattern and VT/VF
inducibility at baseline and after ajmaline infusion has been described [12,63—65]. Interest-
ingly, Pieroni et al. described high rates of fibrosis and inflammatory infiltrates (mainly
activated T lymphocytes) in BrS with pathological unipolar and bipolar mapping [16].
Patients with edema and lymphocytic infiltrates presented higher rates of VF inducibility
during EPS. It is notable that subjects with bipolar mapping abnormalities presented higher
prevalence of inflammatory infiltrates, suggesting a strict relationship between transmu-
ral involvement and inflammatory activation. More recently, Pappone et al. described a
significant worsening of RVEF and RVOT strain during ajmaline infusion [18]. Moreover,
the authors reported a corresponding increase in altered unipolar mapping areas with a
significant correlation with post-ajmaline RVEF.
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Recently, the BRAVO registry provided important data regarding long-term outcomes
after RVOT epicardial ablation in BrS [60]. BrS patients undergoing epicardial ablation
experienced high event-free survival rates (up to 96% at the 5-year follow-up in the case of
repeated procedures). The only variable independently associated with favorable outcomes
at follow-up was the absence of Brugada ECG pattern at baseline or after sodium channel
blockers after ablation at multivariate analysis. This element reinforces the importance
of extensive substrate ablation in this setting. Interestingly, 29% of subjects presented an
additional pathological substrate at EAM in the inferior RV epicardium, and three patients
presented significant EAM abnormalities in the left posterolateral epicardium associated
with the presence of early repolarization pattern.

In a recent study by Cheniti et al., the authors demonstrated the presence of LV
EAM abnormalities in BrS patients undergoing epicardial mapping and ablation due to
sustained ventricular arrhythmias [66]. Patients with LV substrates presented higher rates
of conduction defects, more extensive RV EAM abnormalities, and frequent pathogenetic
SCNbA variants.

Therefore, we could hypothesize that the presence of pathological EAM voltages in
atypical RV and even LV segments could be the expression of subtle diffuse biventricular
involvement in BrS.

6. Histology and Immunology: Exploring the Substrate and the Role of
the Immune System in the Disease

Coronel et al. in 2005 described the presence of fibrofatty infiltration in the RVOT
epicardium of the explanted heart of a BrS patient undergoing heart transplantation after
multiple electrical storms [67]. Electrophysiological study of the explanted heart demon-
strated conduction delays in the RVOT.

Tissue samples from autopsies and epicardial biopsies obtained during surgical RVOT
ablations showed a high prevalence of fibrosis and reduced expression of gap junction
protein connexin 43 (Cx43) in BrS patients compared to controls [15]. The authors detected
similar histopathological findings from the left ventricular samples. Cx43 has a crucial
function in determining correct cellular migration and RVOT zonation, and this evidence
could explain the preferential RVOT involvement in BrS. Frustaci et al. performed biventric-
ular angiography and EMBs in a cohort of BrS patients [14]. They detected the presence of
microaneurysm and inflammatory infiltrates (activated T lymphocytes) in both ventricles
with increased myocyte apoptosis and necrosis.

EAM can detect the presence of interstitial fibrosis at histology compared to CMR in
right ventricular cardiomyopathies, as demonstrated by Santangeli et al. [68].

Pieroni et al. performed RVOT EMBs guided by EAM in BrS subjects [16]. Lym-
phomononuclear infiltrates were detected in 80% of cases together with necrosis, myofibril-
lar rarefactions, and cytoplasmic vacuolization.

A subsequent study described the presence of autoantibodies against alpha-cardiac
actin, alpha-skeletal actin, keratin, and connexin-43 from sera of BrS patients [69]. Moreover,
analysis of the tissue samples by autopsy or EMBs demonstrated abnormal a-cardiac actin,
a-skeletal actin, keratin, and connexin-43 aggregates. The authors hypothesized that
structural abnormalities in the sodium channels could determine inappropriate apoptotic
processes leading to exposure of cryptic cardiac epitopes and the consequent activation of
the immune system. Identification of circulating autoantibodies and related pathological
protein aggregates in the myocardium could therefore potentially represent a possible
pathological mechanism. We reviewed the main histopathological studies in Table 2.
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Table 2. Histopathological studies in patients with Brugada syndrome.

Study

Population Design

Pathological Findings

Notes

1 BrS patient
undergoing heart

Histopathological
and electrophysio-

Presence of fibrous

Presence of
conduction delay in

Coronel et al. [67] transplantation due  logical evaluation  and fatty infiltrations RVOT at
to refractory of the explanted in RV and RVOT. electrophysiological
electrical storm. heart. study.
Activated T Presence of viral
lymphocytes and genome in 28% of
. . . necrosis in subjects.
. 18 BrS p atients B1.Ventr1cular 14/18 patients. Evidence of
Frustaci et al. [14] suffering angiography and lizati . .
arhythmic events EMBs Myocyte vacuolization = microaneurysm in the
' ' and fibrofatty RVand LV (7 and
replacement in 4 subjects, respectively)
3/18 subjects. at angiography.
6 BrS patients Hlstopa'thologlcal . ' Presence of delayed,
suffering SCD and evaluation of the Increased fibrosis and prolonged and
6 BrS subiects explanted heart. collagen in the RVOT.  fragmented QRS on
Nademanee et al. [15] SUbJECts RVOT mapping and Reduced Cx43 RVOT epicardial
undergoing surgical biopsies i . . . .
. . iopsies in patients expression in BrS electrocardiogram in
epicardial RVOT . . . . :
. undergoing surgical patients. patients undergoing
ablation. : '
ablation. ablation.
Activated T Patients with
30 BrS patients lymphocytes infiltrate  inflammation at EMB
. underwent EPSand  in 12/20 subjects and presented higher
30 BrS patients . L
Pieroni et al. [16] (37% of them endocardial RV EAM.  myocyte necrosis in rates of VF
’ . 20/30 subjects 3 of them. Interstitial inducibility and
symptomatic). . . .
underwent fibrosis and more extensive

EAM-guided EMB.

replacement necrosis
in 15/20 patients.

bipolar abnormalities
at EAM.

BrS, Brugada syndrome; RV, right ventricle; RVOT, right ventricular outflow tract; EMB, endomyocardial biopsy;
LV, left ventricle: SCD, sudden cardiac death; Cx43, connexin-43; EPS, electrophysiological study; VF, ventricular
fibrillation; EAM, electroanatomic mapping.

7. Brugada Syndrome and Arrhythmogenic Cardiomyopathy: A Common
Spectrum of Disease

AC is a genetic disorder caused by desmosomal and non-desmosomal genes character-
ized by biventricular fibrofatty replacement and high rates of ventricular arrhythmias [70-72].
Notably, RVOT structural abnormalities are common and have been included in the revised
2010 diagnostic criteria for RV AC [73,74]. Corrado et al. described a group of patients
suffering sudden cardiac death with histological findings compatible with AC and present-
ing dynamic right anterior ST segment abnormalities diagnostic for BrS [75,76]. Similarly,
the presence of epsilon waves has been described in BrS ECG [77]. Since then, growing
evidence of structural and functional myocardial alterations in BrS has emerged. Multiple
genetic studies described a wide spectrum of diseases caused by SCN5A variants, including
BrS, long QT syndrome, sick sinus syndrome, AV block, atrial fibrillation, and dilated
cardiomyopathy with pronounced arrhythmic burden [10,11,20,78].

The connexome and the intercalated disks provide correct intercellular adhesion
and electromechanical coupling to the myocytes [19,20,79,80]. Desmosomes represent
the main structure involved in electromechanical connections between cardiomyocytes.
Heterozygous nonsense, frameshift, or splicing variants in the PKP-2 gene (expressing
a protein of the armadillo family) have been associated with RV-dominant AC. PKP
and junctional plakoglobin (encoded by JUP gene, OMIM * 173325) are strictly con-
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nected to desmoglein-2 (DSG-2 gene, OMIM * 125671) and desmocollin-2 (DSC-2 gene,
OMIM * 125645) proteins in the extracellular space [79]. Interestingly, some authors de-
scribed a homozygous DSC-2 deletion associated with AC onset [81]. The same group
reported that hemi- and homozygous loss-of-function variants in DSG-2 determine an early
onset form of AC [82]. Desmoplakin (DSP gene, OMIM * 125647), a protein of the plakin
cytolinker family, ligates PKP and plakoglobin in the intracellular compartment, thereby
creating a connection between desmosomes and intermediate filaments [79]. Variants in
DSP genes have been associated with a form of AC with extensive fibrosis and inflamma-
tory activity in both ventricles. Desmin (DES gene, OMIM * 125660) represents the main
component of the intermediate filaments: mutations in this gene can cause heterogenous
phenotypes, including AC, dilated, and restrictive cardiomyopathies [79].

Desmosome proteins, area composita, gap junctions (mostly composed of connexin-43),
and ion channels (including voltage-gated sodium channels) are strictly interconnected
to preserve the structural and functional stability of the connexome [19,20,80]. Ryanodine
receptor-2 (encoded by RYR-2 gene, OMIM * 180902) regulates calcium release from the
sarcoplasmic reticulum and is related to connexome function. Mutations in RYR-2 genes
have been strongly associated with catecholaminergic polymorphic ventricular tachycar-
dia syndrome. Pathogenetic variants of phospholamban (PLN gene, OMIM * 172405), a
structural component of the sarcoplasmic reticulum, determine severe forms of AC [79].

Behr et al. hypothesized that BrS could be the expression of an impaired RVOT
conduction reserve, determined by reduced sodium channel currents, structural alterations,
and inflammatory processes [26].

This complex interplay at the level of the gap junctions and connexome could poten-
tially explain the structural and functional similarities between BrS and AC.

Some echocardiographic and CMR studies described reduced RV strain rate abnor-
malities both in BrS and AC compared to controls [83,84]. These observations support
the hypothesis that BrS and AC could represent different phenotypic manifestations of a
common spectrum of disorders.

Recently, many works described the importance of inflammatory and potential autoim-
mune processes in AC [85-87]. This evidence led to the emergent concept of inflammatory
“hot phases” over the natural history of patients affected by AC and could suggest a
common pathological mechanism involved in the pathogenesis of both conditions.

8. Future Perspectives: Genetics and Immune Modulation

Inflammation, apoptosis, and immune dysregulation play a crucial role in the patho-
genesis of genetic cardiomyopathies and could significantly influence the prognosis of the
patients [85-87]. Over recent years, some authors have reported positive outcomes in patients
with genetically determined arrhythmogenic cardiomyopathies undergoing immunosuppres-
sive treatment [88-91]. A case of recurrent myocarditis requiring multiple immunosuppressive
regimes in a patient with a truncating variant of the demosplakin gene has been described
in the literature [89]. Peretto et al. demonstrated possible beneficial effects of immunosup-
pression in patients with genetic cardiomyopathies and histological evidence of inflammatory
infiltrates [91]. Interestingly, other authors reported an episode of giant cell-related fulminant
myocarditis in a patient with a previous diagnosis of BrS [90]. Li et al. reported some BrS
patients with arrhythmic storms presenting pathological uptake at 18-fluorodeoxyglucose
positron emission tomography [92]. Moreover, the authors reported transitory improvement
of the arrhythmic burden after prednisolone and hydroxychloroquine therapy. As previously
described, inflammation and dysregulated immune response might represent common patho-
genetic pathways both in BrS and genetic cardiomyopathies. Further prospective studies
should evaluate the role of inflammation in the pathogenesis of the disease.
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Another critical issue in BrS is the relatively low diagnostic yield of genetic testing.
Monogenic models could not appropriately catch the complex interplay between ion chan-
nel dysfunction, pathological substrate, and acquired alterations (such as inflammation)
in BrS. Recently, a polygenic risk score has been associated with worse outcomes in this
population [59]. Further prospective studies are needed to validate the widespread use of
these models in clinical practice.

9. Conclusions

Over the last twenty years, our knowledge of the pathophysiological mechanisms
involved in BrS has dramatically increased, although many aspects still present significant
areas of uncertainty. The emergent role of depolarization abnormalities together with
the evidence of pathological voltages at EAM have suggested the presence of structural
substrates in this condition. Novel echocardiographic and CMR techniques demonstrated
the presence of subtle functional alterations in BrS. Histopathological and immunological
data derived from serum and tissue samples of patients affected by BrS provided important
information regarding the underlying disease substrate in terms of fibrosis, inflammatory
processes, and the potential role of autoimmunity in this disease. Moreover, growing
evidence of structural and functional similarities between BrS and AC has highlighted
the continuous spectrum of pathological processes affecting the connexome complex. A
better understanding of the pathological mechanisms involved in BrS pathogenesis could
therefore improve prognostic evaluation. Moreover, the growing evidence of the role of
inflammation and autoimmunity in this condition could potentially offer novel therapeutic
strategies in BrS.
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Abbreviations

The following abbreviations are used in this manuscript:

BrS Brugada syndrome

EPS Electrophysiological study

EAM Electroanatomic mapping

LP Late potential

SA-ECG  Signal-average ECG

f-QRS Fragmented QRS

RV Right ventricle

LV Left ventricle

RVOT Right ventricular outflow tract

AV Atrioventricular block

VT Ventricular tachycardia

VF Ventricular fibrillation

PVS Programmed ventricular stimulation
RIMP Right ventricular index of myocardial performance
RVEF Right ventricular ejection fraction
CMR Cardiac magnetic resonance

LGE Late gadolinium enhancement

RVOT-FT  Right ventricular outflow tract-feature tracking
EMB Endomyocardial biopsy
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